Introduction {#sec1_1}
============

Leukoencephalopathy with brainstem and spinal cord involvement and lactate elevation (LBSL) is a rare autosomal recessive disease caused by mutations in the *DARS2* gene that encodes mitochondrial aspartyl-tRNA synthetase \[[@B1]\]. Almost all the patients are compound heterozygous for two *DARS2* mutations and one of them is almost invariably a splice site mutation in intron 2, upstream of exon 3 \[[@B1]\]. The prevalence data are scarce and conflicting \[[@B2]\], but LBSL is present in 2.6% of general population according the Exome Aggregation Consortium (ExAC) database \[[@B3]\].

LBSL is most often a relatively mild disorder, characterized by juvenile onset of slowly progressive ataxia, cerebellar, pyramidal, spasticity, and dorsal column dysfunction \[[@B2], [@B4]\]. However, the clinical course of LBSL is not uniform, and there is a lack of longitudinal data on these patients \[[@B2]\]. LBSL is defined based on characteristic findings observed on magnetic resonance imaging (MRI) such as inhomogeneous abnormalities of the periventricular cerebral white matter and specific involvement of brainstem and spinal cord tracts \[[@B1], [@B5], [@B6]\]. Lactate elevation is a common but not uniform finding in the affected white matter on spectroscopy \[[@B7]\]. Currently, there is no treatment available for LBSL.

To our knowledge, we report here a new *DARS2* mutation discovered in an adult patient with LBSL presenting compound heterozygosity for a novel pathogenic mutation and a common so far considered benign variant. Aspartyl-tRNA synthetase activity in mitochondria was reduced.

Methods {#sec1_2}
=======

The patient has been followed since July 2014 for walking disorders. The brain and medullar MRIs were performed at the Hôpital Erasme, Brussels, and the Centre Hospitalier de Wallonie picarde, Tournai, Belgium. The DNA of the mitochondrial aspartyl-tRNA synthetase (*DARS2*) gene and its functional characteristics were investigated in our patient and her mother at the VU Medical Center, Amsterdam, the Netherlands. Appropriate informed consent was obtained.

Results {#sec1_3}
=======

Clinical Presentation {#sec2_1}
---------------------

Our patient (female), with no significant medical history except a treated hypertension and one episode of gestational diabetes at her last pregnancy, was referred to investigations, at the age of 45 years, because of tingling sensations in the legs for the last 3 years, increasing with time. At the first consultation, she also had the following complaints: troubles to synchronize movements; while walking, she experienced bilateral weakness in the legs with pain or a sensation of tightness when walking more than 15 min that limited the capacity to walk and also stand; episodes described as vertigo for the last 3 months, mainly with closed eyes, with postural instability limiting the standing capacity; and finally, urinary urgency for the last 6 months.

Clinical examination revealed bilateral exhaustible horizontal gaze nystagmus when looking to the left, no dysarthria nor dysphasia, light bilateral dysmetria at finger-nose and heel-knee testing, positive Romberg with open eyes, worsening with closed eyes, dysdiadochokinesia, loss of vibration sensation in right leg and decreased in left leg. The rest of the sensory examination, including touch, pain and proprioception, was within normal limits. Tendon reflexes were at 3/4 symmetrically, only Achilles tendon reflexes were at 1/4 symmetrically. Plantar reflexes were downgoing. She had a normal gait.

A spastic paraparesis with leg cramps, but no urinary incontinence progressively appeared during follow-up. The Mini-Mental State Examination score was 28/30, revealing no cognitive disorders.

Electromyography revealed a sensorimotor axonal polyneuropathy. Plasma lactate was not investigated, while the cerebrospinal fluid analysis was normal with normal lactate (1.6 mmol/L). At the end of 2014, we decided to stop the diabetes therapy initiated by the general practitioner, and a diabetic diet was initiated in addition to physiotherapy.

DARS2 Mutations {#sec2_2}
---------------

Because LBSL was suspected, the *DARS2* gene was sequenced, and two variants were identified, the novel variant c.374G\>A (p.Arg125His) and the known variant that is considered benign (c.1013G\>A, p.Gly338Glu) (rs141298312). Patient mother\'s DNA was sequenced and revealed the same mutation c.374G\>A (p.Arg125His) but not the "benign" variant, and she does not suffer from LBSL. DNA from the father was not available for testing. Due to the fact that on the second allele only the "benign variant" was detected, aspartyl-tRNA synthetase (*DARS2*) activity was measured in mitochondria isolated from lymphoblasts from the index patient. *DARS2* activity was 14% of a healthy control. To confirm that the c.1013G\>A results in decreased *DARS2* activity, HEK293 cells were transfected with the wild-type *DARS2* and with the *DARS2* containing the polymorphism. Determination of *DARS2* activity in lysates of the transfected HEK293 cells showed an enzymatic activity for the polymorphism of 53% of the wild type.

MRI Abnormalities {#sec2_3}
-----------------

Brain and spinal cord MRI revealed extensive white matter abnormalities (Fig. [1](#F1){ref-type="fig"}); spectroscopy revealed no lactate elevation (Fig. [2](#F2){ref-type="fig"}). A brain and medullar control MRI were performed in 2017 (Fig. [3](#F3){ref-type="fig"}) because of increasing complaints of paraparesis and cramps. However, the patient is clinically stable. The medullar MRI images are not displayed in Figure [3](#F3){ref-type="fig"} because they showed no change in comparison to 2014.

Discussion {#sec1_4}
==========

Most LBSL patients have compound heterozygous *DARS2* mutations \[[@B1]\], but homozygous *DARS2* mutations may also cause the disease \[[@B8]\]. The clinical course of LBSL is variable. While the mean age at onset is 8 years (range 0.4--40 years) \[[@B2]\], our patient reached adult age without any clinical symptoms until the age of 43 years. Early infantile, severe form has been reported with some patients becoming wheelchair-dependent in their late teens or early 20s \[[@B9]\] and some dying before reaching adult age.

The diagnosis of LBSL is based on the characteristic findings in brain and spinal cord MR imaging. The severity of these findings does not seem to correlate with the clinical course of the disease \[[@B2]\]. These studies suggest that compound heterozygosity for the pathogenic mutation and the "benign variant" cause LBSL in our patient. In our case, the regression of white matter abnormalities (Fig. [3](#F3){ref-type="fig"}) could be attributed to withdrawal of oral antidiabetic drugs.

In conclusion, we report a new compound heterozygous *DARS2* variant combined with a polymorphism in the other allele in an adult patient with LBSL, resulting in reduced DARS2 activity.

This combination has caused disease in our patient, which reveals the importance of now taking into consideration the benign variant. Furthermore, this shows the importance of functional enzymatic analysis.
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![First brain and spinal cord MRI from 2014. On axial T2-FLAIR (**a**, **e**, **g**) and DWI (**b**, **f**, **h**), hyperintensities are seen in the basis pontis (**a**, **b**, long arrows), in the deep cerebellar white matter at the level of the superior cerebellar peduncles (**a**, **b**, short arrows), in the middle cerebellar peduncles, extending deeply to surround the dentate nuclei (**e**, **f**, arrows), and in the central white matter at the level of the central semi-ovale. On sagittal T2 (**c**) and T2-fat sat (**d**) spinal cord images, hyperintensities are seen, involving the dorsal columns along the entire cord (arrows).](crn-0012-0107-g01){#F1}

![Cerebellar spectroscopy images obtained in 2015. The voxel is acquired in the right deep middle cerebellar peduncle (see anatomical images in the upper row). The spectrum shows obviously decreased NAA/Cr and Cho/Cr ratios, reflecting the neuronal loss or dysfunction as well as the impaired myelin turnover.](crn-0012-0107-g02){#F2}

![Brain control MRI from 2017. Notice the regression of white matter signal abnormalities as compared to the initial MRI both on DWI (**a**, **c**, **e**) and FLAIR (**b**, **d**, **f**) images. Some FLAIR and DWI hyperintensities are still seen, at the level of the superior cerebellar peduncles (**b**, arrows), the middle cerebellar peduncles (**c**, long arrows), around the dentate nuclei (**c**, short arrows), and in the central semi ovale white matter (**e**, arrows), but overall, images have improved.](crn-0012-0107-g03){#F3}
